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Use of a cerclage cable-plate system to stabilize a periprosthetic femoral
fracture after total hip replacement in a dog
Carvajal, Jose L ; Kim, Stanley E ; Pozzi, Antonio
Abstract: OBJECTIVE: To report the successful use of cerclage cables around the periprosthetic re-
gion of a femoral fracture after total hip replacement (THR) in a dog with bone stock too limited for
other methods of fixation. STUDY DESIGN: Case report. ANIMAL: 6-year-old male neutered, golden
retriever. METHODS: Locking plate fixation of a type-B1 diaphyseal periprosthetic femoral fracture
(PFF) failed 14 days after cementless THR and 6 days after initial femoral fracture repair. Total hip
replacement implants seemed unchanged on radiographs, but lateral retraction of the screw-plate con-
struct from the proximal segment was evident. Bone stock was assessed as insufficient for adequate screw
purchase, prompting revision of the fixation with cerclage cable fixation of the proximal segment; the
cables were anchored to the original locking plate construct with threaded positioning pins that screwed
into the locking holes. RESULTS: Acceptable union was documented on radiographs by 3 months after
revision. No lameness and good range of motion of the hip were observed on clinical examination 13
months after surgery. Radiographs at 13 months documented static implant positioning and remodeling
at the fracture site. CONCLUSION: Use of a cable-plate construct to stabilize a type-B1 PFF led to
successful long-term outcome in this dog. CLINICAL SIGNIFICANCE: Use of a cable-plate construct
may be considered to treat type-B1 PFF with limited bone stock.
DOI: https://doi.org/10.1111/vsu.13185
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Objective: To demonstrate report the successful use of cerclage cables around the 23 
periprosthetic region of a femoral fracture afterfollowing total hip replacement (THR) in 24 
a dog where sufficient with bone stock may not be availabletoo limited for other methods 25 
of fixation. 26 
Study Design: Case report 27 
Animal: 6-year-old, Male Neutered, Golden Retriever. 28 
Methods: Acute onset of lameness due to failure Locking plate fixation of a Type-B1 29 
diaphyseal periprosthetic femoral fracture failed 14 days after cementless THR, and 6 30 
days after initial femoral fracture repair. THR implants seemed unchanged on 31 
radiographs, but lateral retraction of the screw-plate construct from the proximal segment 32 
was evident. Bone stock was assessed as insufficient for adequate screw purchase, 33 
prompting revision of the fixation with cerclage cable fixation of the proximal segment; 34 
the cables were anchored to the original locking plate construct with threaded positioning 35 
pins that screwed into the locking holes. Locking plate fixation failure for a Type-B1 36 
diaphyseal periprosthetic femoral fracture that occurred 14 days after cementless THR, 37 
and 6 days after femoral fracture repair. Radiographs revealed stable positions of the 38 
THR implants, but screw loosening and separation of the plate fixation from the proximal 39 
segment was evident. Given the lack of bone stock for adequate screw purchase, revision 40 
of the fixation was performed by using cerclage cable fixation of the proximal segment; 41 
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the cables were anchored to the original locking plate construct with threaded positioning 42 
pins that screwed into the locking holes.  43 
Results: Acceptable union was documented on radiographs by 3 months after revision. 44 
No lameness and good range of motion of the hip were observed on clinical examination 45 
13 months after surgery. Radiographs at 13 months documented static implant 46 
positioning, and remodeling at the fracture site.Acceptable union was documented on 47 
radiographs by 3 months following revision. Clinical evaluation 13 months after revision 48 
of the failed fracture repair demonstrated no lameness and good range of motion of the 49 
hip. 50 
Conclusion: Use of a cable-plate construct to stabilize a Type-B1 periprosthetic femoral 51 
fracture led to successful long-term outcome in this dog.  52 
 53 
Clinical significance: Use of a cable-plate construct may be considered to treat Type-B1 54 


























Total Hip Replacement (THR) is a reliable treatment option for a variety of conditions 79 
including canine hip dysplasia, hip osteoarthritis, and traumatic coxo-femoral luxation.
1-3
 80 
However, complications including septic or aseptic implant loosening, luxation, 81 
infection, periprosthetic femoral fractures (PFF), and implant failure are well documented 82 
following THR in dogs, and typically require surgical revision.
4-8 
83 
Femoral fractures following THR in dogs has been reported in 1.5-13% of cases, with 84 
most fractures occurring within the first 4 months after surgery.
7-10  
Risk factors reported 85 
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for PFF include older age, cortical thinning, previous THR in contralateral limb, and dogs 86 
with lower canal flare index (CFI).
 7-11 
Iatrogenic fissure fractures of the femur during the 87 
reaming process of press-fit systems are routinely stabilized using cerclage wires with 88 
high success.
 8-10   
In contrast, post-operative PFF are typically far more difficult to 89 
manage. Due to the anatomy of the proximal femur and the inherent design of most 90 
intramedullary femoral implants, repair options are limited, and adequate screw purchase 91 
may not be available in the proximal femur for plate-screw fixation. The increasing 92 
prevalence in PFF reported in humans has led to the development of several guidelines 93 
and a plethora of adjunctive fixation systems for the specific purpose of facilitating 94 
fracture repair in these challenging cases.
12-14 
The incorporation of allograft struts, 95 
specialized plates, and cerclage cable-plate constructs are routinely utilized.  96 
In particular, stainless steel cerclage cables are often incorporated in conjunction with 97 
plate-screw constructs to prevent screw-pull out, increase stability, and allow fixation of 98 
the plate constructs around the proximal femur occupied by femoral stems where screw 99 
purchase is limited.
14 
Implementation of cable-plate systems in veterinary medicine has 100 
only been reported in a single horse.
15
 The purpose of this case report is to report 101 
thedescribe  successful use of cerclage cables around the periprosthetic region of a 102 
femoral fracture after total hip replacement (THR) in a dog with bone stock too limited 103 
for other methods of fixation.the successful use of a cable-plate system for the treatment 104 























A 6-year-old, male neutered, Golden Retriever presented to the University of Florida 122 
College of Veterinary Medicine Small Animal Hospital for an evaluation of a progressive 123 
right hind limb lameness of several years duration. Additional medical history included a 124 




(BFX; BioMedtrix, Whyppany, NJ) (size 26mm acetabular cup, size 125 
10 femoral stem, and 17mm +3 femoral head, with 4 cerclage wires due to intraoperative 126 
fissuring of the femur) performed 3 years prior to presentation. Orthopedic examination 127 
revealed a body condition score of 6/9, a grade 2/5,
16
 right hind limb lameness, moderate 128 
muscular atrophy of the right hind limb, and moderate pain on extension and abduction of 129 
the right hip. 130 
Pre-operative radiographs revealed moderate right coxo-femoral osteoarthritis, moderate 131 
to severe right coxo-femoral subluxation, moderate right pelvic limb muscular atrophy, 132 
and static left THR implants. The CFI of the right femur was 1.93.
10
 Clinical signs were 133 
attributed to severe hip dysplasia and osteoarthritis, and a right cementless THR was 134 
performed using 26 mm cementless acetabular cup, size 9 collared cementless titanium 135 
femoral stem and 17mm +3 femoral head (BFX; BioMedtrix). 136 
During early preparation of the femoral canal, a fissure fracture developed at the cranio-137 
medial aspect of the proximal femoral metaphysis and diaphysis. Seven 1.0 mm single 138 
loop cerclage wires were placed along and beyond the length of the fissure. The 139 
remainder of the procedure was completed routinely, and post-operative radiographs 140 
revealed satisfactory implant size and alignment (Fig. 1a, 1b). Standard multi-modal 141 
analgesic protocols were followed (intravenous [IV] constant rate infusion of 142 
Hydromorphone (Dilaudoid; Knoll Pharma), Lidocaine 2% (Vet One; Biose, ID) and 143 
Ketamine Hydrochloride (Putney; Lostock Gralam, Northwich, UK). Cefazolin (30mg/kg 144 
IV) was administered commencing one hour prior to surgery and every 90 minutes until 145 
the end of surgery, then every 6 hours for 24 hours following surgery. Postoperative 146 
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medications upon discharge consisted of oral 4.0 mg/kg tramadol hydrochloride every 8 147 
hours, oral 2.0 mg/kg Carprofen (Zoetis; Parsippany, NJ) every 24 hours, and oral 29.5 148 




One week later, the dog presented for an acute onset of a grade 4/5,
16
 right hind limb 151 
lameness after slipping at home. Physical exam revealed swelling and pain over the 152 
surgical site. Radiographs revealed a Vancouver Type B1 PFF, characterized by a stable 153 




 There was mild comminution, and cranial and medial angulation of the major distal 155 
fracture segment, with a cerclage wire present within the fracture site. All remaining 156 
implants were deemed to be unchanged when compared to the immediate post-operative 157 
radiographs (Fig. 1c,1d).  158 
Fracture repair was performed with plate fixation. A lateral approach was made to the 159 
femur, the unstable cerclage wire at the fracture site was removed, and direct reduction of 160 
the fracture was achieved with bone-holding forceps. A 14-hole 3.5 mm broad locking 161 
compression plate
 
(DePpuy Synthes; West Chester, PA) was applied in bridging fashion 162 
(Fig 2a). The plate was contoured and applied to the lateral surface of the femur. One bi-163 
cortical 3.5 mm locking screw and one 3.5 mm bi-cortical cortical screw was used in the 164 
greater trochanter, with one mono-cortical 3.5 mm cortical screw in the proximal 165 
metaphysis. Three bi-cortical 3.5 mm locking screws and one 3.5 cortical screw were 166 
used in the distal segment. Attempts to engage the trans-cortex of the proximal 167 
metaphysis with the proximal screws were not successful due to interference from the 168 
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femoral stem. Deep-tissue samples and the removed cerclage wire were submitted for 169 
bacterial culture and sensitivity, which showed no evidence of growth. The same standard 170 
multi-modal analgesic and anti-microbial protocols as the original THR procedure were 171 
followed. Immediate post-operative radiographs revealed acceptable reduction and 172 
implant placement; however, the proximal screws were deemed short and there was 173 
immediate concern regarding the security of the proximal segment (Fig. 2a). 174 
The dog was hospitalized during the initial convalescent period.  On the sixth day of 175 
hospitalization, the dog’s ambulatory status declined, and a grade 3/5
16
 lameness of his 176 
operated limb was noticed. Radiographs revealed lateral retraction of the screw-plate 177 
construct from the bone, and a new short fracture line (Fig. 2b).  178 
At this time, all radiographs were reviewed, and progressive osteopenia of the right femur 179 
was noted, which was most evident when comparing radiographs performed three years 180 
prior to immediately prior to right THR (Fig. 3a,3b). Systemic causes of osteopenia were 181 
investigated after a serum ionized calcium concentration from a point of care blood 182 
analyzer (iSTAT, Abbott; Princeton, NJ)
 
was found to be elevated at 1.41 mmol/L 183 
(reference range: 1.18-1.35 mmol/L). However, serum ionized calcium, parathyroid 184 
hormone, Vitamin D, and parathyroid hormone-related protein performed by Michigan 185 
State University Veterinary Diagnostic Laboratory were all within normal limits. Total 186 
Thyroxine 4, Thyroid Stimulating Hormone, Free Thyroxine 4 results (1.45 μg/dL, 187 
0.096ng/mL, 1.07ng/dL respectively), were also all within normal limits.  188 
Revision surgery was planned to incorporate cerclage cable fixation to the failed 189 
proximal construct segment. An approach was made to the proximal femur. The proximal 190 
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locking screw was removed and tightening of the most proximal cortical screw in the 191 
greater trochanter was attempted in order to restore reduction; however, the screw hole 192 
was stripped. This cortical screw was then also removed. Two threaded positioning pins 193 
(DePpuy Synthes)
 
were placed in the two most proximal screw holes, and two 1.7 mm 194 
stainless steel cerclage cables (DePpuy Synthes) were directed through the positioning 195 
pins, placed circumferentially around the femur, then threaded through a pre-placed 196 
metallic crimp (Fig. 4). A cable tensioner (DePpuy Synthes) was used to sequentially 197 
tighten both cables to approximately 40 kg of tension, thereby compressing the proximal 198 
segment to the plate. The crimps were compressed to lock the cables in place. A third 199 
cerclage positioning pin and 1.7 mm cable was placed in the 5
th
 screw hole and secured in 200 
similar fashion. The remaining proximal cortical screw was then tightened. A cancellous 201 
autograft was harvested from the right proximal humerus and was transplanted into the 202 
fracture site prior to routine closure. Post-operative radiographs revealed acceptable 203 
reduction and implant placement (Fig 5). Similar standard multi-modal analgesic 204 
protocols were followed as in the previous two surgical procedures. The dog was 205 
discharged from the hospital 7 days after surgery. 206 
At 30 days following the second revision, the dog was fully weight bearing on the right 207 
hind limb with no observable lameness. Radiographs showed documented static implant 208 
positioning, and remodeling at the fracture site consistent with healing. The dog was 209 
reassessed at 12 weeks, 24 weeks, and 13 months after PFF revision. No further lameness 210 
of the operated limb was detected. The implants in the right femur remained in position 211 
and clinical union at the fracture site was confirmed by 12 weeks (Fig 6). The dog was 212 
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allowed to progressively return to normal activity over a 1 month period. Upon clinical 213 
evaluation 13 months after revision of the failed fracture repair, the dog had no lameness 214 
and good range of motion of the hip; owners reported that the dog had returned to normal 215 
activity levels and excellent limb use was reported. Radiographs at 13 months 216 
documented static implant positioning, and progression of remodeling at the fracture site 217 

















Discussion  233 
This case report documents the successful treatment of a periprosthetic femoral fracture 234 
after THR with a cable-plate system in a dog. These fractures are challenging because 235 
bone stock in the proximal femur may be too limited for proper bone plate-screw 236 
fixation. Treatment guidelines and available treatment options for PFF in dogs are 237 
currently limited. 
7,10,18,19
 The difficulty achieving sufficient screw purchase due to 238 
crowding of the proximal femoral segment by the femoral stem was reflected in this case, 239 
where implant failure was noted within one week of repair using a traditional plate-screw 240 
construct. 241 
The press-fit cementless femoral stem was elected due to a successful arthroplasty of the 242 
contralateral side using the same system three years prior, current non-geriatric age, and 243 
suitable CFI. 
10
 The severity of osteopenia present was initially underestimated, and 244 
strategies to prevent PFF and subsequent implant failure could have been implemented if 245 
recognized earlier. Progressive osteopenia of the right femur was evident upon 246 
comparison of cortical thickness from radiographs performed three years prior to 247 
radiographs immediately prior to right THR (Fig 3a, 3b). Furthermore, the fissure 248 
fractures encountered early in the broaching process should have alerted suspicion to the 249 
poor mechanical integrity of the femur. The probable cause of osteopenia was determined 250 
to be due to chronic disuse given the lack of evidence for endocrinopathies compromising 251 
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bone quality. While aA collared stem was chosen to prevent subsidence and excessive 252 
stress on the proximal metaphysis;,
20
 however, prophylactic plate placement should have 253 
been strongly considered at the time of initial arthroplasty.
19
 A cemented femoral stem 254 
could have been pursued, although fractures due to cortical thinning have also been 255 
reported following cemented THR.
7
 Alternatively, continued conservative management 256 
for hip dysplasia rather than THR may have been a reasonable option given the 257 
complexity of the case.   258 
Periprosthetic fracture repair is also a major clinical challenge in the human field. 
12-14
 259 
Although no consensus of optimal technique or fixation system is currently 260 
acknowledged, supplemental fixation to standard screw-plate internal fixation is often 261 
necessary and routinely pursued. 
21-23
 Screw-plate constructs provide greater mechanical 262 
stability when compared to cable-plate systems in biomechanical analyses using healthy 263 
human femurs and femoral models.
12,21-23 
However, cable-plate constructs may be a more 264 
suitable option for cases with poor bone quality and/or limited bone stock preventing 265 
adequate screw purchase,
24  
as screws may act as stress risers or pull out during cyclic 266 
loading when in proximity to cement mantle or stem.
25
 267 
Treatment options were limited in the case reported here. Additional screws in the lateral 268 
plate could not have been used due to the presence of cerclage wiring, presence of a large 269 
femoral stem, as well as poor bone quality. Fortunately, the bone plate system used for 270 
the initial fracture repair was compatible with an orthopedic cable system
 
(DePpuy 271 
Synthes). The system utilizes 316L stainless steel, titanium alloy, and L605 cobalt 272 
chromium alloy cerclage cables that anchor to the plate and are placed under tension 273 
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around the bone with the aid of a dedicated tensioner device. The ability to sequentially 274 
tighten the cable by gradually applying tension was particularly useful in achieving 275 
reduction of the fracture. Although screw-plate constructs have been shown to provide 276 
greater mechanical stability when compared to cable-plate systems in biomechanical 277 
analyses using healthy human femurs and femoral models,
12,21-23 
cable-plate constructs 278 
may be a more suitable option for cases with poor bone quality and/or limited bone stock 279 
preventing adequate screw purchase.
24 
When in proximity to cement mantle or stem, 280 
screws may act as stress risers, or pull out during cyclic loading.
25
  281 
The placement of circumferential cables around the trochanteric region enabled a 282 
satisfactory level of fixation and stability without creating further defects in the 283 
underlying bone. Successful clinical use of cable-plate systems has also been reported for 284 
the treatment of Type B1 PPF in humans, which is a common complication in geriatric 285 
populations with poor bone quality.
26,27 
Contraindications to using cable-plate constructs 286 
alone include loose or mal-aligned prostheses, in which arthroplasty revision is preferred, 287 
as well as previous periosteal stripping or devascularization, as compression from the 288 
cables may theoretically further delay bony union.
28,29
 289 
Alternative treatment options for this case included the addition of an orthogonal plate.
30
 290 
However, this would have been a poor choice due to bone stock availability and quality. 291 
An additional plate would have likely achieved only monocortical fixation of the 292 
proximal segment, and caused increased morbidity and tissue trauma due to the 293 
additional exposure required for the placement of another plate. Successful fixation with 294 
string-of-pearls (SOP) plates has been described in dogs,
18
 but would have potentially led 295 
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to recurrent implant failure in this case. Although tTemporary explantation and placement 296 
of a cemented stem could have allowed placement of bi-cortical screws in the 297 
periprosthetic region, but this was not favored due to the poor condition of the existing 298 
bone. The last available option involved permanent explantation in order to increase 299 
amount of available bone for fixation.  300 
The limitations of this report are inherent to the nature of being a single case. The 301 
outcome in this case shows documents the use of a cable-plate construct to successfully 302 
stabilize a Type-B1 PFF in a dog despite lack of life-long follow-up. The sequence of 303 
complications seen in this case suggests that pre-existing osteopenia requires a different 304 
approach from standard fractures. The poor mechanical characteristics of osteopenic bone 305 
may not offer enough pull-out strength for plate and screw fixation only, and a cable-306 
plate construct may be indicated in these cases. Further studies and case inclusions are 307 
required to better define appropriate case selection in order to maximize treatment 308 
success in dogs with PFF following THR. 309 
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Figure Legends 428 
Cerclage Cable-Plate System Periprosthetic Femoral Fracture THR 
 
Fig. 1 A) Craniocaudal and B) mediolateral projection radiographs of the right femur 429 
following THR. There is appropriate size and positioning of prosthetic femoral stem, 430 
femoral head, and acetabulum. Cerclage wires were placed around the proximal and mid-431 
diaphysis of the right femur to address a femoral fissure that occurred during broaching. 432 
C) craniocaudal and D) mediolateral projection radiographs performed 1 week after THR 433 
revealed a comminuted mid-diaphyseal fracture characterized by cranial and medial 434 
angulation of the major distal fracture segment, with a cerclage wire present within the 435 
fracture margin. The femoral stem, acetabular cup, and six cerclage wires are unchanged.  436 
Fig 2 A) Craniocaudal projection radiograph immediately after open reduction and 437 
internal fixation demonstrated documenting acceptable reduction but suboptimal screw 438 
purchase in the proximal segment. B) Craniocaudal projection radiograph 6 days 439 
following fracture repair revealed fixation failure, as evident by gap formation between 440 
the plate and greater trochanter (black arrow) and collapse of the fracture site (black 441 
arrowhead) 442 
Fig. 3 A) Lateral projection radiograph of the right femur three years prior and B) 443 
immediately prior to THR. Note the development of cortical thinning evident by 444 
comparing the radiographs. 445 
Fig. 4 Intraoperative photograph of the proximal aspect of the surgical approach, prior to 446 
tensioning of the cable cerclage. A positioning pin was threaded into the locking portion 447 
of the screw hole (black arrow). A cable wire (white arrow) was passed circumferentially 448 
around the proximal femur, threading through the positioning pin, then the pre-placed 449 
crimp (grey arrow). 450 
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 451 
Fig 5. A) Craniocaudal and B) mediolateral projection radiographs immediately 452 
following revision with the cable system. Three cerclage cables (black arrows) secured 453 
the proximal femoral metaphysis to the plate, which are linked to the plate via positioning 454 
pins (white arrows). The THR implants are unchanged.  455 
 456 
Fig 6. A) Craniocaudal and B) mediolateral projection radiographs 3 months following 457 
revision with the cable system, demonstrating documenting no loss of reduction, stable 458 
implants, and bony callus formation at the fracture site. 459 
 460 
Fig 7. A) Craniocaudal and B) mediolateral projection radiographs 13 months following 461 
revision with the cable system, documenting stable implants, and progressive remodeling 462 
at the fracture site. 463 
 464 
 465 
